ABSTRACT-Diacerein has proved to be effective in the treatment of osteoarthritis. We investigated the effects of rhein, an active metabolite of diacerein, on the degradation of recombinant human interleukin-1a (rhIL-1a)-induced proteoglycan and matrix metalloproteinases (MMPs) release from rabbit articular chondrocytes. Chondrocytes were treated for 24 h with rhein in the presence of rhIL-1a . Rhein suppressed the rhIL-1a-induced proteoglycan degradation. In addition, rhein decreased the rhIL-1a-induced proMMP-3 production and reduced the MMPs activity. These results suggested that diacerein might have a protective effect on proteoglycan degradation via the suppressive effect of rhein on the production of proMMPs.
Osteoarthritis (OA) is characterized by the destruction of articular cartilage. The extracellular matrix of articular cartilage is composed mainly of collagen and proteoglycan aggregates. In the case of articular diseases such as OA, an alteration of the articular chondrocyte metabolism occurs, resulting in breakdown of the cartilage matrix. Currently, the primary approach in the clinical treatment of OA involves the use of nonsteroidal anti-inflammatory drugs (NSAIDs), analgesics and hyaluronan, which allow symptomatic relief, but provide no apparent disease-modifying effect. In some instances, NSAIDs may even be deleterious; they inhibited the synthesis of proteoglycan, which plays a crucial role in maintaining the function of the cartilage. Therefore, there is a critical need to develop alternative agents that prevent the destruction of cartilage and/ or stimulate its proper repair.
Diacerein has proven to be effective and well tolerated in the long-term treatment of OA, and it is currently under evaluation as a disease modifying OA drug in randomized placebo-controlled clinical trials of patients with OA of the hip and knee (1, 2) . The efficacy of diacerein has been documented in animal models, including the accelerated canine model of OA (3) . Diacerein has a protective effect on granuloma-induced cartilage breakdown by a reduction in the concentrations of proinflammatory cytokines (4) . However, the exact mechanisms of therapeutic action of diacerein on OA are not clear. To obtain further insight into the effects of diacerein, monolayer cultures of rabbit articular chondrocytes were used to investigate the effect of rhein, an active metabolite of diacerein (5), on recombinant human IL-1a (rhIL-1a)-induced proteoglycan degradation and the production of promatrix metalloproteinases (proMMPs).
Articular chondrocytes were prepared from the shoulder and knee joints of 3-week-old female Japanese White rabbits (Tokyo Experimental Animal, Tokyo). Chondrocytes isolated by treatment with collagenase were cultured in 100-mm culture dishes at a density of 2.5´10 4 cells / cm 2 in Dulbecco's modified Eagle's medium (DMEM; Life Technologies Inc., Rockville, MD, USA) with 10% fetal bovine serum (BioWhittaker, Walkersville, MD, USA) and antibiotics (100 U/ml penicillin, 100 mg/ ml streptomycin and 250 ng/ ml fungizone ® ; Life Technologies Inc.) in 5% CO2 -95% air at 37°C. Primary cultures maintained in a monolayer were used throughout the study. After the chondrocytes reached confluence, the medium was changed to DMEM with 0.2% lactalbumin hydrolysate (Sigma Chemical, St. Louis, MO, USA) and the antibiotics. Confluent chondrocytes were then incubated with rhein sodium salt (Kyowa Hakko, Tokyo) or naproxen (Sigma) in the presence of rhIL-1a (Genzyme, Cambridge, MA, USA) for 24 h. The concentration of rhIL-1a, at which significant sulfated glycosaminoglycan (S-GAG) release and proMMPs production were obtained, was determined in a pre-liminary experiment. Recombinant hIL-1a (0.1 -10 ng/ml) was tested, and the concentration of 1 ng/ ml was selected. Rhein sodium salt was dissolved in distilled water at 3´10 -2 M just before each experiment, and naproxen was dissolved in dimethyl sulfoxide at 1´10
-1 M; they were added to the cell culture at the appropriate concentrations. The final concentrations of distilled water and dimethyl sulfoxide were 0.1% and 0.01%, respectively. The concentrations of rhein were chosen to reflect levels that are below, at or above the established therapeutic anti-inflammatory serum values of rhein after dosing with diacerein described in clinical practice (6) . The harvested culture media were stored at -40°C until use. Rhein and naproxen had no effect on chondrocyte viability in this study.
The destruction of articular cartilage results from a failure of chondrocytes to maintain a homeostatic balance between matrix synthesis and degradation. Proinflammatory cytokines such as IL-1, which are produced by monocytes /macrophages, synovial cells or chondrocytes, are thought to play major roles in joint diseases such as OA or rheumatoid arthritis (RA) (7, 8) . IL-1 has been shown to inhibit extracellular matrix synthesis and stimulate proteoglycan degradation (7) . In this communication, IL-1a -induced proteoglycan degradation was assessed by measuring the amount of S-GAG released from chondrocytes into the culture medium. S-GAG was determined using 1,9-dimethylmethylene blue (Aldrich, Milwaukee, WI, USA), as described previously by Chandrasekhar et al. (9) . The optical density was then immediately measured at 530 and 590 nm. The concentration of S-GAG was calculated using the standard curve for chondroitin sulfate from shark cartilage (Seikagaku, Tokyo) ranging from 0.3125 to 20 mM. When chondrocytes were treated with rhIL-1a for 24 h, the S-GAG levels in the conditioned medium were significantly higher than those of the untreated control (Table 1) . Rhein (10 and 30 mM) significantly inhibited the rhIL-1a-induced S-GAG release (28.9% inhibition at 10 mM and 27.8% inhibition at 30 mM). Naproxen (1 mM) had no effect. The stimulatory effect of IL-1 on the proteoglycan degradation and its inhibitory effect on the synthesis of the new proteoglycan were not inhibited by NSAIDs (10) . It is well known that many proteinases, such as MMPs, cysteine proteinases and serine proteinases, and reactive oxygen species (ROS), such as hydroxyl radicals, hydrogen peroxide, superoxide and nitric oxide (NO), which are found in connective tissues and inflammatory cells, can degrade cartilage matrix components. Numerous studies have demonstrated that MMPs are most frequently implicated in the destruction of articular cartilage in arthritic diseases. Indeed, the level of MMPs, tissue inhibitors of MMPs (TIMPs), and proinflammatory cytokines in the serum and the synovial fluid of patients with OA or RA have been shown to significantly increase (7) . Furthermore, proinflammatory cytokines induce and/ or augment the production of proMMPs.
We determined the amount of proMMP-3 in the conditioned medium using the MMP-3 enzyme immunoassay (EIA) system (Amersham Pharmacia Biotech, Tokyo) according to the manufacturer's instructions. When chondrocytes were treated with rhIL-1a for 24 h, the production of proMMP-3 increased by about 34-fold as compared with that of the untreated control (Table 2 ). Rhein (10 and 30 m M) significantly inhibited the production of proMMP-3 (32.0% inhibition at 10 mM and 56.7% inhibition at 30 mM). Naproxen had no effect.
The activities of MMPs are controlled at several levels including proenzyme activation and regulation by the specific MMPs inhibitors, TIMPs. We investigated whether the effect of rhein resulted in the decrease in MMPs activity. The apparent activity of the MMPs in the conditioned medium was determined using fluorescein isothiocyanate Confluent chondrocytes were treated for 24 h with drugs in the presence of rhIL-1a , and then the proMMP-3 concentration in the conditioned medium was assayed using the EIA system. Each value represents the mean ± S.D. for 5 independent experiments. **P<0.01 and ***P<0.001, significantly different from the rhIL-1a -treated control group by Dunnett's test. ### P<0.001, significantly different from the rhIL-1a -treated control group by Aspin-Welch's test.
(FITC)-labeled casein as a substrate according to the method of Twining (11) with slight modifications of the microassay. Before the assay, proMMPs in the conditioned medium were activated by L-1-p-tosylamido-2-phenylethyl chloromethyl ketone treated-trypsin followed by the addition of a four-molar excess of soybean trypsin inhibitor. The enzyme activity that digests 1 m g of casein for 1 h at 37°C was expressed as 1 U. Recombinant hIL-1a significantly augmented the caseinolytic activity compared to the untreated control (Table 3 ). Rhein (10 and 30 mM) significantly suppressed the rhIL-1a-enhanced caseinolytic activity (14.3% inhibition at 10 m M and 37.7% inhibition at 30 mM). Naproxen had no effect. Next, the MMP-9 activity was determined using the MMP-9 activity assay system (Amersham Pharmacia Biotech) according to the manufacturer's instructions. The MMP-9 activity also significantly increased as compared with that of the untreated control (Table 3) . Rhein (30 mM) significantly inhibited the MMP-9 activity (11.8% inhibition). Naproxen had no effect.
The MMPs are well known to degrade proteoglycan. In this communication, we have shown that rhein suppresses the rhIL-1a-induced S-GAG release along with a decrease in production of proMMP-3. This is the first evidence that rhein down-regulates the proMMP-3 production in rabbit articular chondrocytes that was determined with an enzyme immunoassay system. The proMMPs suppression of rhein may be involved in the inhibition of S-GAG release from chondrocytes.
The mechanism by which rhein inhibits the proteoglycan degradation and proMMPs production is not fully understood at present. Cruz et al. (12) reported that the inhibition of the activator protein-1 activity might serve as the mechanism of diacerein that inhibits collagenase expression in bovine articular chondrocytes, but the action of rhein is not specified. On the other hand, it has been suggested that blocking the ROS production or decreasing the ROS levels reduces the IL-1-induced collagenase expression in the chondrocytes (13) . Rhein is known to reduce the production of superoxide (14) and NO (15) . Taken together, it is likely that rhein modulates the proMMPs production and activity via interference with multiple signaling pathways and thus protects the cartilage. Rhein may have a direct protective role on chondrocytes, or an indirect effect through inhibition of the proMMPs production. Further study is necessary to clarify the involvement of rhein induced proMMPs suppression in proteoglycan degradation.
To conclude, rhein, an active metabolite of diacerein, inhibits the destruction of articular cartilage induced by rhIL1a. These findings may be related to the suppressive effect of rhein on the proMMPs production. Confluent chondrocytes were treated for 24 h with drugs in the presence of rhIL-1a, and then the caseinolytic or MMP-9 activity in the conditioned medium was determined using FITC-labeled casein or the MMP-9 activity assay system. Each value represents the mean ± S.D. for five independent experiments. *P<0.05 and **P<0.01, significantly different from the rhIL-1a -treated control group by Dunnett's test.
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